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(54) PIEZOELECTRIC RESONATOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a piezoelectric 
resonator wherein a temperature change ratio is low and 
high resonance frequencies which cannot be obtained by 
any conventional supporting film constituted of Si02 is 
obtained. 

SOLUTION: This piezoelectric resonator is provided with 
a substrate 1 having a vibrating space A, a supporting 
film 2 formed on the surface of the substrate 1 for 
covering the vibrating space A, and a vibrator 3 
constituted by forming electrodes 5 and 6 on the both 
faces of a piezoelectric body thin film 4, and arranged at 
the position of the supporting film 2 faced to the 
vibrating space A. In this case, the supporting film 2 is 
formed as a laminated film constituted of an Si02 film 8 
and a diamond film 9, and the piezoelectric body film 4 is 
formed as a c-axially oriented Zn02 film. 
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Epitome 



(57) [Abstract] 

[Technical problem] conventional Si02 with the small and rate of a 
temperature change from — in the becoming supporting lamella, the piezo 
resonator which has the high resonance frequency which was not obtained 
is offered. 

[Means for Solution] The base 1 which has the oscillating space A, and 
the supporting lamella 2 which is formed in this base 1 front face, and 
covers the oscillating space A, While providing the oscillating object 3 
arranged in the location of the supporting lamella 2 which comes to form 
electrodes 5 and 6 in both sides of the piezo electric crystal thin film 
4, and counters with the oscillating space A, a supporting lamella 2 is 
Si02. It is the cascade screen of the film 8 and the diamond film 9, and 
it is desirable that it is the ZnO film in which the piezo electric 
crystal thin film 4 carried out c-axis orientation. 
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CLAIMS 



[Claim(s)] 

[Claim 1] While providing the base which has oscillating space, the 
supporting lamella which is formed in this base front face and covers 
said oscillating space, and the oscillating object which is formed so 
that it may counter with said oscillating space through said supporting 
lamella on this supporting lamella, and comes to form an electrode in 
both sides of a piezo electric crystal thin film, said supporting 
lamella is Si02. Piezo resonator characterized by being the cascade 
screen of the film and the diamond film. 

[Claim 2] The piezo resonator according to claim 1 characterized by the 
diamond film facing oscillating space. 

[Claim 3] The piezo resonator according to claim 1 or 2 characterized by 
being the ZnO film in which the piezo electric crystal thin film carried 
out c-axis orientation. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the piezo resonator 
using resonance of the thickness longitudinal oscillation of the 
oscillating object in which the electrode was formed to both sides of a 
piezo electric crystal thin film, about a piezo resonator. 
[0002] 

[Description of the Prior Art] The thing corresponding to high frequency 
also in the filter used to these electrical signals is developed with 
high-frequency-izing of the frequency used for radio or an electrical 
circuit. 

[0003] Especially being observed recently is a filter using a SAW 
resonator using resonance of the surface acoustic waves which are 
acoustic waves transmitted in a solid front face. Resonance of the RF 
electric field and surface acoustic waves which are impressed to inter- 
electrode [ of Kushigata formed on the solid-state front face ] is used 
for this filter, and the filter with the resonance frequency to about 
1GHz is produced. 

[0004] However, since an SAW filter had a relation that the Kushigata 
inter-electrode distance is in inverse proportion to resonance frequency, 
Kushigata inter-electrode distance became submicron order, and electrode 
production was very difficult for it in the frequency domain exceeding 
1GHz. 

[0005] It is expected that the frequency of the electromagnetic wave 
used for radio will become still higher from now on, and the cheap and 
highly efficient filter corresponding to those frequencies from a 
certain thing also in the movement toward specification decision of 



several GHz or more is already called for. 

[0006] The resonator which newly used resonance of the thin film in 
which piezoelectric is shown is proposed to such a demand. This is a 
resonator using a piezo electric crystal thin film setting vibration to 
a lifting, and the vibration setting in the thickness direction of a 
piezo electric crystal thin film, and causing resonance to the RF 
electrical signal inputted. 

[0007] This resonator is bulk [ since the elastic wave which spreads the 
inside of not surface acoustic waves but a solid-state is used ] -. 
Acoustic - Wave - It is called the resonator (henceforth BAWR). It was 
expected that control of the thickness of the piezo electric crystal 
thin film which constitutes this BAWR became producible [ the resonator 
which has the resonance frequency of a higher frequency compared with an 
SAW filter in the precision below submicron one since it is possible ], 
and development has been furthered. 

[0008] The supporting lamella 13 formed in base 11 and this base 11 
front face as shown in drawing 2 as conventional BAWR, The buffer layer 
15 formed on this supporting lamella 13, and the bottom electrode 16 
formed on this buffer layer 15, It consists of a piezo electric crystal 
thin film 17 formed on this bottom electrode 16, and a top electrode 18 
of the pair formed on this piezo electric crystal thin film 17 
(USP4, 320, 365 reference). The supporting lamella 13 is formed in base 11 
top face so that the oscillating space A may be covered. 
[0009] As a supporting lamella which ZnO, A1N, CdS, etc. are used as a 
piezo electric crystal thin film material, Si is mainly used as a base 
ingredient in the conventional BAWR, and aluminum and Au are used as an 
electrode material, and supports a piezo electric crystal thin film, it 
is an amorphous silicon 02. It has been used. 

[0010] For example, in JP, 60-68710, A, it is an amorphous silicon 02 as 
aluminum, Au, and a supporting lamella ingredient as Si and an electrode 
material as ZnO, A1N, CdS, and a base ingredient as a piezo electric 
crystal thin film material. It is used. 

[0011] It is an amorphous silicon 02 as a supporting lamella. Although 
used, this is an amorphous silicon 02. It is an amorphous silicon 02 as 
it is reported to reference (Electronics Lettersvol. 17, No. 14, pp 507- 
509 (1981)) that it is easily producible on Si substrate. Since it has 
the elastic temperature coefficient of a piezo electric crystal thin 
film, and the temperature coefficient of a reverse sign, it is because 
change of the resonance frequency of a resonator can be compensated. 
[0012] moreover, SiO [ as opposed to / when ZnO is used for the above- 
mentioned reference as a piezo electric crystal thin film / ZnO ]2 a 



thickness ratio — a fundamental wave — the time of 0.5 — a secondary 
wave — 0.25 and 0. — it is reported that can obtain a zero temperature 
coefficient at the time of 75 and 1.25, and the high electromechanical 
coupling coefficient kt is obtained. 
[0013] 

[Problem (s) to be Solved by the Invention] However, since this BAWR has 
obtained resonance by propagation of vibration, the oscillation 
characteristic of the supporting lamella supporting not only the 
oscillation characteristic of a piezo electric crystal thin film but 
also this piezo electric crystal thin film influences the property of a 
resonator greatly. 

[0014] Namely, although the thickness of ZnO is set to 2. 5 micrometers 
or more in BAWR used on the conventional frequency of 1GHz or less It is 
Si02 in order to realize a zero temperature coefficient as reported to 
the above-mentioned reference. When it uses, it is an amorphous silicon 
02. Although thickness is 0.25 to 1.25 times the thickness of ZnO Si02 
It is Si02 actually used since the reinforcement as a supporting lamella 
falls and it cannot be used as a BAW resonator if thickness is too small. 
Thickness was as thick as about 2-3 micrometers. 

[0015] And Si02 Since it was amorphous, attenuation of vibration, i.e., 
an insertion loss, was large, and since the pass as a sound medium would 
become large if thickness is enlarged in order to obtain a zero 
temperature coefficient, there was a problem that loss became large. 
[0016] Moreover, it is Si02, in order to compensate the elastic 
temperature coefficient of ZnO and to realize a zero temperature 
coefficient, although the thickness of ZnO is set to about 1.3 
micrometers in order to make it operate on the frequency of 2GHz which 
is becoming the current mainstream. Although thickness 1 micrometer or 
less is required and an insertion loss is reduced, it is amorphous Si02. 
It was difficult to form in stability by 1 micrometer or less, and 
manufacture of the resonator itself was difficult for it. On the other 
hand, thickness of ZnO is set to about 1.3 micrometers, and it is Si02. 
It is Si02 when it thickens. There was a problem that an elastic 
property becomes dominant, loss becomes large, and a temperature 
coefficient becomes large, and an electromechanical coupling coefficient 
became small since it becomes the higher mode further. 
[0017] In order to solve the above-mentioned technical problem, it is an 
amorphous silicon 02. While making thickness as small as possible and 
realizing the zero temperature coefficient, reinforcement of a 
supporting lamella needed to be enlarged and the temperature coefficient 
needed to be further made very small. 



[0018] 

[Means for Solving the Problem] For the piezo resonator of this 
invention, said supporting lamella is Si02 while providing the base 
which has oscillating space, the supporting lamella which is formed in 
this base front face and covers said oscillating space, and the 
oscillating object which is formed so that it may counter with said 
oscillating space through said supporting lamella on this supporting 
lamella, and comes to form an electrode in both sides of a piezo 
electric crystal thin film. It is characterized by being the cascade 
screen of the film and the diamond film. Here, it is desirable for the 
diamond film to face oscillating space. Moreover, it is desirable that 
it is the ZnO film in which the piezo electric crystal thin film carried 
out c-axis orientation. 
[0019] 

[Function] At the piezo resonator of this invention, it is Si02. Since 
the two-layer layered product of the film and the diamond film was used 
as a supporting lamella While being able to improve the reinforcement as 
a supporting lamella with the diamond film of high intensity For the 
diamond film, since the rate of a temperature change of resonance 
frequency is very small, the rate of a temperature change of the 
resonance frequency as a supporting lamella is Si02. The film rules over 
and the rate of a temperature change is Si02. It is almost equivalent to 
the film and the supporting lamella of high intensity can be obtained. 
[0020] Namely, the piezo electric crystal thin film which consists of 
ZnO has a positive temperature coefficient, and is an amorphous silicon 
02, for example. Although it has a negative temperature coefficient At 
the piezo resonator of this invention, a supporting lamella is Si02. It 
is the two-layer layered product of the film and the diamond film. Since 
the elastic coefficient of the diamond film itself is large, since the 
elastic temperature change is very small in degree C and 14 ppm /, For 
the rate of a temperature change of the resonance frequency of the 
diamond film, for this reason, the temperature coefficient of a 
supporting lamella is [ near and ] almost Si02 to zero. The piezo 
electric crystal thin film which is governed by the membranous 
temperature coefficient, serves as negative, and consists of ZnO which 
has a positive temperature coefficient, With the supporting lamella 
which has a negative temperature coefficient, the temperature 
coefficient of the resonance frequency of the vibrating part (a 
supporting lamella and oscillating object) can be brought close to zero. 
[0021] conventional Si02 [ moreover, ] from — the piezo electric 
crystal thin film which there is a limitation of lamination, for example, 



consists of ZnO in order to obtain mechanical strength sufficient in the 
becoming supporting lamella, and Si02 from — the piezo resonator to 
which resonance frequency exceeds 1. 5GHz in the combination of the 
becoming supporting lamella, although not obtained Si02 of this 
invention Since the diamond film itself is high intensity when the two- 
layer layered product of the film and the diamond film is used as a 
supporting lamella, it is Si02. Even if it carries out lamination of the 
film, the structure as a supporting lamella is maintainable. 
[0022] Furthermore, the diamond film is a ZnO piezo electric crystal 
thin film and Si02. Since it has about 5-time acoustic velocity as 
compared with the acoustic velocity of the oscillating section 
constituted with a supporting lamella, it is ZnO and Si02. When sum 
total thickness is the thickness which is about 1 micrometer, the 
diamond film is good at about 5 micrometers. At this time, the 3rd 
standing wave stands on the oscillating section constituted with 
Zn0/Si02 / diamond, and an electromechanical coupling coefficient 
becomes large. 

[0023] Moreover, in order to obtain a big electromechanical coupling 
coefficient, the thickness of the diamond film is small, and it is 
Zn0/Si02. It is desirable for the secondary standing wave to stand on 
the oscillating section constituted. It is Zn0/Si02, without the 
thickness of the diamond film decreasing most electromechanical coupling 
coefficients in about 1 micrometer. The secondary wave most strongly 
excited in the oscillating section constituted can be generated. By 
using the diamond film, marginal thickness can be made small, improving 
the mechanical strength as a supporting lamella. For this reason, as 
compared with the case where it is based on the conventional technique, 
high resonance frequency is realizable. 

[0024] It is desirable for the diamond film to face oscillating space. 
This is because the diamond film is high intensity, so a supporting 
lamella can fully be supported. 
[0025] 

[Embodiment of the Invention] The base 1 with which the piezo resonator 
of this invention has the oscillating space A as shown in drawing 1 , It 
consists of oscillating objects 3 arranged in the location of the 
supporting lamella 2 which has been arranged on a base 1, and has been 
arranged so that the oscillating space A may be covered, and the 
supporting lamella 2 facing the oscillating space A, and the bottom 
electrode 5 is formed in the inferior surface of tongue of the piezo 
electric crystal thin film 4, it forms the top electrode 6 of a pair in 
a top face, and this oscillating object 3 is constituted. 



[0026] A base 1 consists of silicon and the oscillating space A is 
formed by etching. The oscillating space A of a base 1 means the space 
which does not transmit vibration of the oscillating object 3 to a base 
1, and it is formed by forming a through tube in a base 1, or forming a 
crevice in the part which forms the supporting lamella of a base 1. 
[0027] the piezo electric crystal thin film 4 — ZnO, A1N, CdS, and 
PbTi03 etc. — the reasons nil why the electromechanical coupling 
coefficient of thickness longitudinal oscillation is large although used 
etc. to PbTi03 Considering as a principal component is desirable. 
Moreover, ZnO which carried out c-axis orientation of the temperature 
coefficient of the whole resonator from the point of bringing close to 
zero is desirable. A ZnO piezo electric crystal needs to be the c-axis 
orientation film in the BAW resonator which uses thickness longitudinal 
oscillation, in order to discover piezoelectric only in the direction of 
a c-axis. 

[0028] This PbTi03 By making the orientation of the crystal lographic 
axis carry out in the direction of a c-axis at the time of membrane 
formation, the piezo electric crystal thin film used as a principal 
component can show piezoelectric [ big ], when piezoelectric is weak, 
may impress direct current voltage and may give piezoelectric. 
[0029] Metallic materials with comparatively low reactivity, such as 
aluminum, Pt, Au, etc. which are used, are used for the electrodes 5 and 
6 which pinch this piezo electric crystal thin film 4. When a reaction 
with the piezo electric crystal thin film 4 is taken into consideration, 
as an electrode material, reactant low Pt is desirable. 
[0030] And at the piezo resonator of this invention, a supporting 
lamella 2 is Si02. It constituted from a cascade screen of the film 8 
and the diamond film 9. Si02 Thickness tl of the film 8 Thickness t2 of 
the ZnO film Receiving Si02 Membranous thickness tl 0.25 <=(tl / t2) 
<=0. 75 have a desirable ratio (tl / t2). This is Zn0/Si02 at the case of 
<(tl / t2) 0.25, or the time of 0. 75<(tl / t2) <=1. 25. It is because the 
same negative temperature coefficient as a diamond is shown and the 
temperature characteristic worsens. Moreover, it is Si02 although Si02 / 
ZnO shows a positive temperature coefficient at the time of >(tl / t2) 
1.25. The thickness of the film 8 is large, absorption of a supersonic 
wave is large, and it is because loss becomes large. 
[0031] Si02 of this invention Although the film may be amorphous or a 
crystalline substance is sufficient as it, the more nearly amorphous one 
is easy for it on manufacture, and is desirable. Moreover, although the 
diamond film 9 may be amorphous or a crystalline substance is sufficient, 
a crystalline substance is desirable in order to prevent the fall of Q. 



[0032] Moreover, thickness t3 of the diamond film 9 Although it is 
better as thin, 1 micrometers or more are required to form as self- 
supported film. R In order to make the impedance decided by 
electrostatic capacity of a resonator since TH and a ZnO piezo electric 
crystal thin film have small specific inductive capacity match with 50 
ohms, the self-supported film of the size of several 100 micrometer** is 
required, and in order to produce the self-supported film of this size 
stably, 1-micrometer thickness is needed. 

[0033] At the piezo resonator of this invention, it is Si02. Since the 
two-layer layered product of the film 8 and the diamond film 9 was used 
as a supporting lamella 2 While being able to improve the reinforcement 
as a supporting lamella 2 with the diamond film 9 of high intensity For 
the diamond film 9, since the rate of a temperature change of resonance 
frequency is very small, the rate of a temperature change of the 
resonance frequency as a supporting lamella 2 is Si02. The film 8 rules 
over and the rate of a temperature change is Si02. It is almost 
equivalent to the film 8, and the supporting lamella of high intensity 
can be obtained. 

[0034] Moreover, the piezo electric crystal thin film 4 which consists 
of ZnO has a positive temperature coefficient, and is an amorphous 
silicon 02. Although it has a negative temperature coefficient In the 
piezo resonator of this invention, a supporting lamella 2 is the two- 
layer layered product of Si02 film 8 and the diamond film 9. For the 
rate of a temperature change of resonance frequency, for this reason, 
the temperature coefficient of a supporting lamella 2 is [ diamond film 
9 the very thing / near and ] almost Si02 to zero. The piezo electric 
crystal thin film 4 which is governed by the temperature coefficient of 
the film 8, serves as negative, and consists of ZnO which has a positive 
temperature coefficient, With the supporting lamella 2 which has a 
negative temperature coefficient, the temperature coefficient of the 
resonance frequency of the vibrating part (a supporting lamella and 
oscillating object) can be brought close to zero. 
[0035] 

[Example] First, a diamond thin film is formed on Si (100) base by the 
plasma-CVD method. Growth conditions are CH4, C02, and H2 under reduced 
pressure. Using mixed gas, microwave was inputted by 6kW and that whose 
thickness is 1 micrometer was produced. 

[0036] The property of a natural diamond is reported for Young' s modulus 
1.2x1012 N/m2, consistency 3.51 g/cm3, and acoustic velocity to be 18500 
m/s. the property of the produced diamond thin film — a consistency — 
3.4 g/cm3 and Young's modulus — 9.6x1011 N/m2 it is — acoustic 



velocity was 16800 m/s. If this is compared with a natural diamond, 
although it is small a little, even if it compares it with sonic 5700 
m/s of Si02 (fused quartz), it is about 3 times the value of this, and 
it is amorphous Si02. Compared with the film, it is high acoustic 
velocity further. 

[0037] Next, Si is etched from the background of this base and the beer 
hall which reaches the diamond film is produced. The diamond film used 
here is a crystalline substance, and, moreover, it is the description 
that internal residual stress is small. Therefore, even 1-micrometer 
thickness can form self-supported film, without carrying out the 
autoclasis with residual stress. 

[0038] In this way, on the diaphragm of the produced diamond, it is Si02 
by the heat CVD method. The film is formed. Si02 Membranous thickness 
was 1. 0 micrometers. Next, the laminating of Pt lower electrode layer, a 
ZnO piezo electric crystal thin film, and the aluminum up electrode 
layer is carried out one by one using the magnetron sputtering method. 
Pt electrode layer is [ 500 degrees C, a piezo electric crystal thin 
film, and aluminum electrode layer of both growth temperature ] 200 
degrees C. 

[0039] A lower electrode layer and an up electrode layer are [ lOOnm and 
the piezo electric crystal thin film of thickness ] 1. 3 micrometers. 
Moreover, the magnitude of resonance frequency is controllable by 
controlling the thickness of these thin films. 
[0040] In the resonator structure shown in drawing 1 , impedance 
measurement performed evaluation. In 1. 7GHz, piezo-electric resonance 
(antiresonance) was obtained RF impedance analyzer and by measuring the 
frequency characteristics of an impedance using the wafer microprobe for 
RF. 

[0041] Moreover, it is 1. 5-micrometer Si02 by the heat CVD method on Si 
(100) base. The film is formed, Si is etched from the background of a 
base, and it is Si02. When the beer hall which reaches the film was 
produced, reinforcement was not able to form self-supported film low. 
[0042] As mentioned above, the thin film piezo resonator using Si02 / 
diamond supporting lamella of this invention is Si02. It compares with 
the thin film piezo resonator using a supporting lamella, and is Si02 
more. Since the small self-supported film of membranous thickness can be 
formed, ZnO piezo electric crystal thickness which determines resonance 
frequency can also be made small, and can constitute a resonator with 
big resonance frequency. 
[0043] 

[Effect of the Invention] At the piezo resonator of this invention, it 



is Si02. Since the two-layer layered product of the film and the diamond 
film was used as a supporting lamella While being able to improve the 
reinforcement as a supporting lamella with the diamond film of high 
intensity For the diamond film, since the rate of a temperature change 
of resonance frequency is very small, the rate of a temperature change 
of the resonance frequency as a supporting lamella is Si02. The film 
rules over and the rate of a temperature change is Si02. It is almost 
equivalent to the film and the supporting lamella of high intensity can 
be obtained. When this uses the piezo electric crystal thin film which 
consists of ZnO, the temperature coefficient of the resonance frequency 
of the vibrating part (a supporting lamella and oscillating object) can 
be brought close to zero with the piezo electric crystal thin film which 
consists of ZnO which has a positive temperature coefficient, and the 
supporting lamella which has a negative temperature coefficient, 
conventional Si02 [ therefore, ] with the small and rate of a 
temperature change from — in the becoming supporting lamella, the piezo 
resonator which has the high resonance frequency which was not obtained 
can be obtained. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing the piezo resonator of this 
invention. 

[Drawing 2] It is the sectional view showing the conventional piezo 
resonator. 

[Description of Notations] 
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